recognized and named after typical genera: Soriciella-, Anourosorex-, Crocidura-, Notiosorex-, Sorex-and the Blarina-schmelzmuster. These types of schmelzmuster are closely related to the actual systematic order of Soricidae (Reumer 1996 , Gunnell et al. 2008 , Rzebik-Kowalska 2009 . This broad study provides the background for the comparisons in this paper.
Introduction
The enamel microstructure in molars of Megasorex gigas and Cryptotis magna shall be compared with the variability of the enamel in soricid molars. The different tribes within Soricidae differ in their enamel microstructure (Koenigswald and Reumer 2020) . The enamel in a single species is not uniform, but rather is composed of different enamel types. The three dimensional arrangement of the enamel types within a tooth is described as "schmelzmuster". The variability of the molar schmelzmuster in Soricidae was recently studied by Koenigswald and Reumer (2020) . Six types of schmelzmuster in lower molars are size differences within Notiosoricini. Notiosorex crawfordi from Colorado is distinctly smaller, but in comparison to other soricines, such as the sympatric Cryptotis magna and Blarina brevicauda, the size of Megasorex magna is not exceptional (Text- fig. 1 ).
The different types of schmelzmuster correlate with the various soricid groups. The soricid tribe Notiosoricini contains two extant genera, Notiosorex and Megasorex, and occurs in the southern US, Mexico and the northern part of South America. In the survey by Koenigswald and Reumer (2020) , only Notiosorex crawfordi from Colorado could be investigated. Here, the investigation of Megasorex shall clarify whether it shows a similar or the same schmelzmuster as Notiosorex. Notiosoricini are characterized by a reduced dental formula and the specific articular process of the mandible (Reumer 1984 , Harris 1998 , Hutterer 2005 . Within the Soricinae, the tribes Notiosoricini and Nectogalini (= Neomyini) are sister groups (Dubey et al. 2007 ), but several authors do not separate the two tribes (e.g. Gunnell et al. 2008) . In addition to the two extant genera Notiosorex and Megasorex, the tribe Notiosoricini contains two fossil genera, Beckiasorex and Hesperosorex. They are known from several fossil species since the Miocene (Carraway 2010) , and occur in the southern US and Mexico. Megasorex Hibbard, 1950 is monospecific. The species Megasorex gigas (MerriaM, 1897) was initially assigned to the closely related genus Notiosorex, but separated by Hibbard (1950) , because of the size difference, a heavy rostrum, and the white teeth in Megasorex. In contrast, Notiosorex has pigmented tooth tips (Text- fig. 1 ). Their coloring may be weak, but is generally present.
Cryptotis magna was included in this study as a counterpart to Megasorex that most probably shows a different schmelzmuster. Cryptotis belongs to the soricine tribe Blarini and has pigmented tooth cusps, like most soricines (Text- fig. 1 ).
Material and methods
In addition to a great number of soricids that were studied for another survey (Koenigswald and Reumer 2020) , the following materials were investigated especially for this study:
Megasorex (Cervantes et al. 2008) , and was made available for this study by Fernando Cervantes-Reza from the "Colección Nacional de Mamíferos (CNMA)" of the "Instituto de Biologia, Mexico".
Investigations of enamel microstructure and comparison between taxa may occur at various levels, according to the applied techniques and magnifications: at the level of crystallites, prisms, enamel types, schmelzmuster, and at the dentition level (Koenigswald and Clemens 1992) . Špoutil et al. (2010) investigated the enamel of some Eulipotyphla at the level of prism. For the actual question, the level of schmelzmuster in lower molars is adequate. According to initial observations, the schmelzmuster of upper molars is differentiated as well, but sections for comparisons are more difficult to obtain. The enlarged incisors definitely show a schmelzmuster different from that in the molars. Such differences are related to the dentition level.
The molar morphology of soricid molars is very complex. A transverse section of the trigonid of the lower molars just below the paralophid notch was selected for the comparison of soricid schmelzmuster. The arrangement of different enamel types within the trigonid can clearly be analyzed, and this section can be reproduced easily. Comparative studies of many soricids confirmed that the arrangement of enamel types in the paralophid is repeated in the protolophid and the hypolophid. Thus, the observations in transverse sections of a tooth row can be summarized in order to characterize the enamel of a species.
From Megasorex gigas as well as from Cryptotis magna, a part of the mandibles containing lower molars was embedded into an artifi cial resin (epoxy). For embedding, the specimen was oriented in such a way that the intended plane of investigation is parallel to one of the sidewalls of the box. The preferred section plane can then be reached by sectioning or grinding parallel to this side. After hardening of the resin, the block was cut with a saw in the intended plane, but slightly outside of the teeth, to avoid cracking of the enamel. Grinding was done fi rst on a wheel, then on fi ne grinding paper with water, and fi nally with grinding powder (1,000 mesh = 5µ), until the level of the intended section was reached. The structure of the enamel becomes visible only after etching. After washing, a 10% hydrochloride acid (2 mol/HCl) was applied for about three seconds, then neutralized in water. The specimen was sputter-coated with gold and investigated in the SEM.
At a magnifi cation of 400×, the distribution of different enamel types is visible, and at 800×, the orientation of the prisms and the interprismatic matrix can be studied. After documenting the enamel, the grinding, etching and sputtercoating were repeated if the pictures were not optimal, or to investigate a somewhat deeper section of enamel. 
Abbreviations

Results
The schmelzmuster of Megasorex gigas
The schmelzmuster of Megasorex gigas (Text-fi gs 2-5) seems to be almost uniform on the fi rst glimpse. It appears to be one-layered and formed exclusively by radial enamel only. However, a more detailed investigation fi nds a slight differentiation in the innermost zone of the enamel close to the EDJ. There, the prisms are better seen in cross-section, indicating that they are steeply rising. They are partially arranged in rows with inter-row sheets. This differentiated innermost layer is observable all around the trigonid and was observed in higher parts of the crown as well. Although thin, this innermost layer is signifi cant, because it resembles the inner layer of radial enamel with inter-row sheets (REIS) that was found by Koenigswald and Reumer (2010) in the related Notiosorex crawfordi (KOE 2114) and many other Soricinae. The single rows of prisms in Megasorex, however, are fairly short, and therefore no distinct layer of REIS is present. Beyond this innermost layer, the prisms rise less steeply and are not well separated from the IPM, forming a typical radial enamel. In the outermost third, the prisms are seen more in cross-section, again indicating that they rise more steeply towards the OES. In the buccal side of the prld, a limited defl ection is recognizable. Such an inclination of the outer layer towards the lingual side was observed in many soricids. In summary, the two-layered schmelzmuster of Megasorex is dominated by radial enamel. The qualifi cation of being two-layered is mainly due to the similarity to the related Notiosorex.
The schmelzmuster of Cryptotis magna
In comparison to Megasorex gigas, the schmelzmuster of Cryptotis magna is undoubtedly two-layered (Text-fi gs 3, 4). In the inner layer, prisms and IPM are well exposed, whereas the outer layer shows prisms only in cross-section, representing a radial enamel. The enamel of the outer layer stands slightly higher than the inner one, due to the etching. It is a common observation that pigmented enamel etches less (Dötsch and Koenigswald 1978) .
In the inner layer, prisms are arranged in rows separated by sheets of IPM. This radial enamel with inter-row sheets (REIS) is a derived character in soricid enamels. In the buccal half of the paralophid, the prisms are inclined towards the protoconid (prd) (Text-fig. 5a ). The rise of the prisms is minimal, and the sheets of the IPM are more obvious. The crystallites of the IPM are oriented perpendicularly to the prisms. In the prd, the fields of inclined prisms from the pald and prld come together, and in the zone between the fields, the orientation of the prisms is radial. In the lingual parts of the prld and pald, the inclination of the prisms towards the paraconid (pad) and metaconid (med), respectively, is less intense. The outer layer is formed by radial enamel. This is somewhat surprising, because in Cryptotis parva (KOE 4197), a more intensive inclination towards pad and med was observed (Koenigswald and Reumer 2010) , as in most soricid molars that are assigned to the Blarina-schmelzmuster. In the typical Blarina-schmelzmuster, prisms are inclined so strongly that the enamel looks like a tangential enamel. Whether the lack of this inclination in the examined specimen of Cryptotis magna represents an individual variation, or whether it is a characteristic of real taxonomic significance, can only be decided after more teeth are investigated. Despite this minor difference, the structure of the inner layer on the buccal side with the intense lateral inclination allows me to assign Cryptomys magna to the Blarina-schmelzmuster.
Discussion
The different arrangement of enamel types found in Cryptotis and Megasorex require comparison to various types of schmelzmuster discovered in soricids and other insectivorous mammals (Koenigswald and Reumer 2020). The wide survey of shrew enamel by these authors identifi ed six types of schmelzmuster in the lower molars, which shows an increasing complexity with phylogenetic specialization. The primitive condition for soricid enamel (here denoted as Soricella-schmelzmuster) is single-layered and of radial enamel (RE). Prisms rise from the EDJ in a radial direction towards the OES. In the trigonid of lower molars, the RE may show a slight defl ection in the paralophid (pald) as well as in the protolophid (prld). The prisms and the IPM bend slightly to the lingual side. In SEM photos, the area of defl ection shows a more intensive refl ection than the normal RE. The defl ection is often retained if the RE is restricted to the outer layer. It is, however, often obscured if the pigmentation modifi es the etching. The defl ection is not a unique structure of Soricidae, but occurs in several other Eulipotyphla too ( e.g. in Talpa).
During evolution, the single-layered schmelzmuster gave rise to different kinds of structural modifi cations (Textfi g. 6). Originating in the Soricella-schmelzmuster, three different pathways are seen in the Crocidura-, Anourosorexand Notiosorex-schmelzmuster. From the Notiosorexschmelzmuster, the soricines differentiated their enamel into the Sorex-and Blarina-schmelzmuster.
They can be characterized as follows (Koenigswald and Reumer 2020) :
The basal Soricella-schmelzmuster is one-layered and consists of RE only. It was observed within Soricidae in Allosorex, Florinia, Lartetium, Miosorex, Paenelimnoecus, Paenesorex, "Petenyia" dubia, Soricella and Ulmensia. The same schmelzmuster occurs in heterosoricids. The similarity in the schmelzmuster is a primitive character, because it occurs in several other Eulipotyphla and Chiroptera. The wide distribution of the Soricella-schmelzmuster marks the most primitive level in Soricidae.
In comparison to the Soricella-schmelzmuster, the Crocidura-schmelzmuster shows a slight differentiation. It is basically one-layered and formed by RE. But in sections where the enamel band is brought, an inner zone of typical radial enamel can be separated from an outer zone. In the outer zone, the prisms are diffi cult to identify. There, the prism sheath is gradually dissolved, and the prisms are no longer recognizable in the IPM. This schmelzmuster was found in Crocidura, Limnoecus, Myosorex, and Suncus, but the thickness of the outer zone varies, and is almost totally missing in Paracrocidura.
The Anourosorex-schmelzmuster is one-layered and characterized by RE forming a thick enamel band. However, the outermost part of the RE close to the OES shows some differentiation. In sections where the enamel band curves strongly, the prisms turn sideways. This somewhat irregular bending occurs together with the IPM, forming radial enamel with twisted inter-row sheets (RETS). In other parts, the radial enamel penetrates to the OES. The Anourosorexschmelzmuster was found not only in the extant Anourosorex, but in the late Miocene genera Paranourosorex, Crusafontina and Kordosia. The specifi c schmelzmuster, although its differentiation is small, provides an argument for excluding Anoursoricini from Soricinae (Van Dam 2008, 2010) .
The Notiosorex-schmelzmuster is characterized by an inner layer formed by REIS, but in contrast to the other twolayered types of schmelzmuster, this inner layer is very thin. In the thick outer layer, the defl ection is very visible. This schmelzmuster was established in Notiosorex, but according to this paper, it is present also in Megasorex, the second genus of the tribe Notiosoricini.
In the Sorex-schmelzmuster, the inner layer is thicker and is formed by REIS. In lower molars, the REIS is slightly inclined towards the buccal side near the prd, but more intensively to the lingual side close to pad and med. The following genera show the Sorex-schmelzmuster: Neomysorex, Nesiotites and Sorex. The various species of Sorex vary in the extent of the inclined fi elds of the inclined REIS.
In the Blarina-schmelzmuster, the complexity of the Sorex-schmelzmuster increases. The entire length of the enamel band shows inclined REIS. Where the two fi elds of differently inclined REIS meet, a neutral point occurs. The Blarina-schmelzmuster was found in the following genera: Alloblarinella, Asoriculus, Beremendia, Blarina, Blarinoides, Chimarrogale, Cryptotis, Deinsdorfi a, Dolinasorex, Episoriculus, Neomys, Zelceina. The schmelzmuster found in Megasorex gigas (Text-fi gs 2, 3) conforms broadly to that of Notiosorex crawfordi, but shows some informative differences. The inner layer shows less REIS and is not well separated from the outer layer. It confi rms the basal position of the Notiosorex-schmelzmuster deriving from a single-layered schmelzmuster, such as the Soricella-schmelzmuster. The more basal Notiosorexschmelzmuster differs distinctly from the highly derived Blarina-Schmelzmuster found in Neomys. This difference provides an additional argument for separating tribes Nectogalini (= Neomyini) and Notiosoricini. The Blarina-schmelzmuster found in Cryptotis magna agrees with that in the smaller species Cryptotis parva. The intensive inclination in the buccal part of the pald shows a great resemblance to the Blarina-schmelzmuster, even if the inclination near the pad is reduced. That may indicate a specialty of that genus.
Cryptotis and Megasorex differ not only in the schmelzmuster of their molars, but also in the pigmentation of their tooth cusps. Although both genera belong to Soricinae, which generally have pigmented teeth, Megasorex has unpigmented teeth. This character, and its relatively simple schmelzmuster, might invite a comparison with the unpigmented teeth of crocidurines, raising the question of whether the lack of coloring is reflected in the schmelzmuster.
The similarity of the schmelzmuster in Megasorex and Crocidura is misleading and superficial. The inner layer observed in Notiosorex and Megasorex is missing in the single-layered Crocidura-schmelzmuster. The vanishing prism sheaths of the prisms near the OES that characterize the Crodidura-schmelzmuster were not found in Megasorex. Thus, there is no indication that the lack of coloring has an effect on the schmelzmuster.
The superficial similarity of the schmelzmuster of Megasorex and Crocidura can be explained differently.
Megasorex is attributed to the Notiosorex-schmelzmuster, and holds a very basal position in the soricine lineage, retaining characters from the Soricella-schmelzmuster. The Crociduraschmelzmuster, on the other hand, did not intensively modify the basal Soricella-schmelzmuster. Therefore, the shared appearance reflects the limited modification.
Nectogale, a rare Chinese soricine with white teeth, could provide an additional argument, but unfortunately, it could not be investigated. Neomys, a member of the same tribe, represents the highly-derived Blarina-schmelzmuster, which is therefore to be expected for Nectogale as well.
The pigmentation of the enamel is due to the deposition of iron in the outer layer (Dötsch and Koenigswald 1980, Dumont et the loss of pigmentation is regarded as a derived character (Repenning 1967 , Vogel 1984 , which happened several times independently.
Conclusion
The two Mexican soricids Megasorex and Cryptotis differ distinctly in their schmelzmuster. Megasorex is characterized by the Notiosorex-schmelzmuster, whereas Cryptotis has the Blarina-schmelzmuster.
The two-layered Notiosorex-schmelzmuster represents the lowest differentiation within the Soricinae, and Megasorex demonstrates details comparable to the initial single-layered Soricella-schmelzmuster, from which Soricinae and Crocidurinae originated. In contrast, the differentiated schmelzmuster of Cryptotis represents the Blarina-schmelzmuster. It shows the highest degree of enamel differentiation in the molars of Soricinae.
Enamel microstructure provides an additional set of characters to understand the evolution of shrews. The basic pattern was described with the differentiation of the six types of schmelzmuster (Koenigswald and Reumer 2020) , but the modifications found in Cryptotis and Megasorex indicate a somewhat higher variability. A more complete picture may become apparent when the great number of soricid genera are better known by their molar enamel. The schmelzmuster of the procumbent incisors may provide additional information. The increasing knowledge of the enamel microstructure may shed new light on the evolution of soricids and their expansion from one continent to the other. The enamel, however, cannot give definitive answers to questions about changes in diet or the environment.
